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Parameres — Similarities and Differences in Chrysomelidae and 
Cerambycidae (Coleoptera)! 


Lasse HUBWEBER & Michael SCHMITT 
Zoologisches Forschungsmuseum Alexander Koenig (ZFMK), Bonn, Germany 


Abstract. Parameres, or lateral lobes, of the male copulatory organ are present in many insect groups, while in others 
they are reduced or completely lacking. Nearly all long-horned beetles have parameres, while only the leaf beetle sub- 
taxa Megalopodinae, Zeugophorinae, Orsodacninae, Bruchidae, Sagrinae, Donaciinae and the genus Timarcha possess 
them. In these taxa, parameres can consist of one or two lobes, can be very long or quite short, and the number and den- 
sity of their setae can vary. Based on this wide morphological variability, we draw conclusions on the phylogeny of 
Chrysomeloidea and then formulate a hypothesis accounting for the probably diverse functions parameres might have in 
both the long-horns and in the leaf beetles. One recent discovery is the existence of minute openings in the surface of the 
parameres, which may indicate the presence of glands. These structures are illustrated and their possible functions dis- 


cussed. 


Key words. aedeagus, male genitalia, morphology, phylogenetics 


1. INTRODUCTION 
1.1. General 


Surprisingly there are only few papers on parameres, or 
lateral lobes, of the male aedeagus found in many bee- 
tles. Although parameres are quite complex and species- 
specific, their functional role is largely unknown, even 
though these structures have at least one known func- 
tion. Hubweber (unpubl. data) used genital characters, 
including those of the aedeagal parameres in an analysis 
of the phylogenetic relationships among the subfamilies 
of the Cerambycidae. Because some Chrysomelidae 
groups also possess parameres, we expanded this initial 
survey to include both the Cerambycidae and Chry- 
somelidae. We then compared character states of pa- 
rameres between the two groups. In addition, we briefly 
examined the function of the parameres and then went 
on to discuss the discovery and possible significance of 
minute holes indicative of glandular openings on the 
surface of the parameres. 


1.2. Terminology 


Over the decades many genitalic structures in beetles 
have been described, mostly for taxonomic purposes. 
But not all entomologists have followed the same terms 
in the description of these different structures. The term 
"aedeagus" for example, is often used synonymically 
with “median lobe", but we use it to describe the me- 
dian lobe and the tegmen together. In our opinion the 
latter structure, the tegmen, consists of the parameres 


Paper presented to the 6" International Symposium on the Chry- 
somelidae, Bonn, Germany, May 7, 2004 


(or lateral lobes) and the basal piece or tegmınal struts, 
connected by the tegminal ring. 


1.3. Literature Review 


VERMA (1996) and CHEN (1985) illustrate the loss of the 
parameres within the Chrysomelidae. While Megalopo- 
dinae, Zeugophorinae, Orsodacninae, Bruchidae, Sagri- 
nae, Donaciinae and Timarcha show a typical tegmen. 
the tegminal ring and therefore also the parameres, are 
reduced in all other subfamilies. Stenhomalus is the sin- 
gle cerambycid genus known lacking parameres (WU & 
JIANG 1993). Another question concerning the homol- 
ogy of genitalia in. chrysomelids is the single genus 
within Chrysomelinae, Timarcha, showing a complete 
tegminal ring with parameres. 


HARNISCH (1915) examined the male genital system of 
some chrysomelids including P/ateumaris sericea. Har- 
nisch observed that in this species the tegmen remains 
outside the female genitalia during copulation, acting as 
a grasping organ and lever. This case is quite similar to 
Bruchidae as DÜNGELHOEF & SCHMITT (2006) show. 
but they observed slight movements in Acanthoscelides- 
obtectus-parameres during copulation. Similar move- 
ments of the parameres have been observed in the 
carabid beetle Pasimachus punctulatus (ALEXANDER 
1959) and in the coccinellid beetle Cyc/oneda san- 
guinea (EBERHARD 1985). These movements could 
serve as a kind of stimulation, supporting the “cryptic- 
female-choice”-hypothesis (EBERHARD 1985, 1996). 


KINGSOLVER (1970) observed that in Mimosestes sallaei 
(Bruchidae) the parameres are known to enter the fe- 
male vaginal tract during copulation. In all other 
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bruchids investigated, the parameres obviously “serve 
as guides to position the median lobe opposite the vagi- 
nal opening." 


EBERHARD (1993) examined the functional role of pa- 
rameres in the scarabaeid species, Macrodactylus costu- 
latus. He described a “foot-in-door-sac” that is inflated 
right beneath the apex of the parameres and thus occu- 
pies the entrance to the female genitalia and can trigger 
the vulva to open. 


2. MATERIALS AND METHODS 


We examined dry museum specimens (from the ZFMK 
collection) and some field-collected fresh specimens. 
These latter specimens were collected mostly in summer 
2002 near Dahlem and Blankenheim in the Eifel moun- 
tain region (about 70 km SW of Cologne). 


The structures of the aedeagi of 1-5 specimens of the 
following species have been studied: 


Cerambycidae 


Cerambycinae: Stenopterus rufus (Linnaeus, 1767), 
Obrium brunnenm (Fabricius, 1792), Pyrrhidium san- 
enmenn (Linnaeus, 1758), Plagionotus detritus (Lin- 
naeus, 1758) 


Lamiinae: Dorcadion pedestre (Poda, 1761), Acantho- 
cinus aedilis (Linnaeus, 1758), Agapanthia villosoviri- 
descens (Degeer, 1775) 


Lepturinae: Dinoptera collaris (Linnaeus, 1758), Carilia 
virginea (Linnaeus, 1758), Grammoptera ruficornis (Fab- 
ricius, 1781), Alosterna tabacicolor (Degeer, 1775), An- 
astrangalia dubia (Scopoli, 1763), Stictoleptura scutellata 
(Fabricius, 1781), Stictoleptura maculicornis (Degeer, 
1775), Stictoleptura rubra (Linnaeus, 1758), Rutpela 
maculata (Poda, 1761), Leptura quadrifasciata Linnaeus, 
1758, Stenurella melanura (Linnaeus, 1758) 


Prioninae: Prionus coriarius (Linnaeus, 1758) 


Spondylidinae + Aseminae: Spondylis buprestoides 
(Linnaeus, 1758), Asemum striatum (Linnaeus, 1758), 
Arhopalus rusticus (Linnaeus, 1758), Tetropium casta- 
neun (Linnaeus, 1758) 


Chrysomelidae 

Chrysomelinae: Timarcha tenebricosa (Fabricius, 1775) 
Donaciinae: Donacia vulgaris Zschach, 1788 
Orsodacninae: Orsodacne cerasi (Linnaeus, 1758) 

In addition, many drawings from the literature were ex- 
amined in order to reach a wider basis for comparison. 


Illustrations of male genitalia of the following taxa were 
included in our analysis: 
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Cerambycidae 
Anoplodermatinae — 5 taxa (DIAS 1984, 1986, 1987) 


Cerambycinae — 27 taxa (BAHILLO DE LA PUEBLA & 
ITURRONDOBEITIA 1996; FRAGOSO 1985a; FRANCE- 
SCHINI 2002; IUGA & ROSCA 1961; KUMAR & VERMA 
1980; MONNÉ & NAPP 2000; MOURA & GALILEO 1992; 
NIISATO 1987; SHARP & MUIR 1912; WANG 1995; WU 
& JIANG 1993; ZIA 1936) 


Lamiinae — 53 taxa (BAHILLO DE LA PUEBLA & ITUR- 
RONDOBEITIA 1996; BENSE 1995; BREUNING & TEOCCHI 
1977; JUGA & ROSCA 1961; JULIO 1999; MARTINS & 
GALILEO 1998; SAMA 1988; SHARP & MUIR 1912; 
TSHERNYSHEV & DUBATOLOV 2000; TYSON 1973; VER- 
DUGO PAEZ 1994; WU & JIANG 1989; ZIA 1936) 


Lepturinae — 22 taxa (BAHILLO DE LA PUEBLA & ITUR- 
RONDOBEITIA 1996; BENSE 1995; DEVESA REGUEIRO & 
BAHILLO DE LA PUEBLA 2003; IUGA & ROSCA 1961; KI- 
NEL 1931; OHBAYASHI 1970; VILLIERS 1982) 


Oxypeltinae — 2 taxa (FRAGOSO 1985b) 
Parandrinae — | taxon (GILBERT 1952) 
Philinae — 6 taxa (WU & JIANG 2000) 


Prioninae — 73 taxa (IUGA & ROSCA 1961; QUENTIN & 
SIMONETTA 1992; QUENTIN & VILLIERS 1977, 1978, 
1981, 1983; ZIA 1936) 


Spondylidinae + Aseminae — 2 taxa (BAHILLO DE LA 
PUEBLA 1991) 


Vesperinae — 2 taxa (BENSE 1995) 


Chrysomelidae 


Aulacoscelidinae — 4 taxa (JOLIVET 1957; SUZUKI 1994) 


Bruchidae — 10 taxa (KINGSOLVER 1970; SCHMITT 
1985a; TERAN & MURUA DE L'ARGENTIER 1981; ZIA 
1936) 


Chrysomelinae (Timarcha) — 4 taxa (IABLOKOFF- 
KHNZORIAN 1966; JOLIVET 1957; POWELL 1941; SHARP 
& MUIR 1912) 


Donaciunae — 8 taxa (HARNISCH 1915; JABLOKOFF- 
KHNZORIAN 1966; POWELL 1941; SCHMITT 1985a, 
1985b; SHARP & MUIR 1912; ZIA 1936) 


Megalopodinae — 3 taxa (JOLIVET 1957; ZIA 1936) 
Orsodacninae — | taxon (POWELL 1941) 
Palophaginae — 2 taxa (KUSCHEL & MAY 1990) 


Sagrinae — 18 taxa (JOLIVET 1957; MANN & CROWSON 
1991; SCHMITT 1985b; ZIA 1936) 


Zeugophorinae — 2 taxa (CHUJO 1952; JABLOKOFF- 
KHNZORIAN 1966) 
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In total the parameres of 216 taxa of Cerambycidae and 
55 taxa of Chrysomelidae have been compared. 


Genitalia were dissected using forceps and insect pins 
under a WILD M3 Z stereoscope. The genitalia were 
placed in 80% ethanol for 20 min and then in 100% 
ethanol until dissection. Finally, they were treated with 
ultrasound to complete the cleaning process. 


In preparation for scanning electron microscopy, the air- 
dried genitalia were coated with gold in an ANATECH 
HUMMER VII and examined with an HITACHI S- 
2460 N (SEM). 


3. RESULTS 
3.1. Characters of the parameres 


The first character we examined was the degree of scle- 
rotization of the aedeagus, including the tegmen which 
varies from extreme, with nearly black pigmentation ip 
lepturine beetles of the genera Leptira, Stictoleptura, 
Rutpela and Steuurella and in Agapanthia (Lamiinae) to 
weak with light yellow in other lepturine genera (Alo- 
sterna, Carilia, Dinoptera, Grammoptera). Most of the 
long-horned species studied have  reddish-brown 


aedeagi, representing a medium sclerotized state. In 
chrysomelids, the species studied have poor to medium 
degrees of sclerotization of their aedeagi with light yel- 
low to brown colours. 





Fig. 1-4. Parameres of Rutpela maculata (1), Leptura quadrifasciata (2), Spondylis buprestoides (3), and Obrium brunneum (4). 


The second character we measured was the relative pa- 
ramere length, which is herein referred to only as the 
non-fused portion of each paramere or lobe. The pa- 
ramere width was measured at the mid point of the non- 
fused portion to its lateral extension and then was re- 
lated to the overall length of the lobes. Sometimes there 
is no division of the parameres if they are fused together 
(Fig. 4). In other cases the parameres are divided, very 
long and slender (Fig. 2). Within some subfamilies of 
Cerambycidae, it is possible to separate some genera 
from others with the help of this character. There is only 
one known genus in the Cerambycidae (Stenhomalus) 
without parameres (WU & JIANG 1993). Within the taxa 


of this family studied, only some genera of Cerambyci- 
nae (Callimellim, Hybodera, Obrium, Skeletodes and 
Stenopterus) and the Oxypeltinae — altogether only 5 95 
of the cerambycid taxa studied so far — show totally 
fused parameres. Within Chrysomelidae, the parameres 
in. Donaciinae, Timarcha, Zeugophorinae and some 
Bruchidae are fused, but in the other groups, like Orso- 
dacnınae, Sagrinae and most Bruchidae, they are di- 
vided. Parameres are fused in 34 % of the paramere- 
possessing chrysomelid taxa we studied. However, even 
in the chrysomelid groups with non-fused parameres, 
these structures are comparatively short. The mean rela- 
tive length of all taxa with non-fused parameres is 3.2 in 
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Cerambycidae (standard deviation —1.4; n=194) and 1.6 
in Chrysomelidae (standard deviation = 0.9; n=34). 
Only two of the chrysomelids (both from Aulacoscelid- 
inae) have parameres with a relative length of 4, all 
other taxa | to 3. In both families, Cerambycidae and 
Chrysomelidae, there are taxa with exceptionally long 
and slender parameres, which were not considered in 
calculating the mean values, because they would have 
disturbed the other data: The Madagascan Lepturinae of 
the genus Mastododera and related genera (VILLIERS 
1982) with a relative length of 13 (other cerambycids 
not higher as 7) and an undetermined Bruchus (ZIA 
1936) with a relative length of 32 (other chrysomelids 
not higher as 4). 


The third character we considered was the orientation of 
the lobes, or the direction of the apex. They can be 
shaped like an arrow (Fig. 3), V-shaped (Fig. 2) or cling 
tightly next to each other (Fig. 1). Most cerambycids 
have converging lateral lobes, but most subfamilies 
show two or three conditions. Among chrysomelids 
with non-fused parameres, only most Sagrinae and some 
Bruchidae have divergent parameres. Only one species 
of Sagrinae has parameres which stretch out parallel. 
Al Megalopodinae, Palophaginae, Aulacoscelidinae 
and Orsodacninae studied have converging parameres. 


Additionally, the apex of the parameric lobes can look 
ragged or cut (Fig. 1), pointed (Fig. 3) or broadly 
rounded (Fig. 2). Most cerambycıd parameres are 
pointed, but at least in Lepturinae, there are also some 
species with ragged and broadly rounded lateral lobes. 
Chrysomelid beetles show in addition to pointed apices 
of lateral lobes, protracted parameres (in Orsodacninae). 


Hubweber (unpubl. data) divided the number and den- 
sity of setae on the parameres into three different char- 
acters, according to their position (apical, ventral and 
dorsa-lateral). Probably the best character of these is the 
number and density of dorsa-lateral setae. All studied 
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species of Lepturinae (Cerambycidae) lack setae at this 
region (Fig. 2), except one species with a few sparse se- 
tae (Fig. 1), while all species of the other long-horn sub- 
families studied possess setae dorsalaterally (Fig. 3). On 
the other hand, ventral setae are widely variable, even 
between very closely related groups. The leaf beetle 
species examined possess long setae at the apex of the 
parameres, but only a few taxa are known with dorsa- 
lateral or ventral setae. 


The tegminal ring can either be narrow (Fig. 2) or wide 
(Fig. 3). "Wide" means that the lateral gap between the 
ring and median lobe is at least as wide as the ring itself. 
In cerambycid beetles, most lepturine species have a 
narrow tegminal ring, while most (but not all) species of 
the other subfamilies have a broad ring. In Ceramby- 
cids, 39 % of the taxa studied (n=37) have a wide teg- 
minal ring, while only 19 % of chrysomelid taxa studied 
(n=26) show this condition. 


Additionally, the connection of between the parameres 
and the basal piece is either angular (Fig. 3) or rounded 
(Fig. 2). It is not easy to distinguish between “angled” 
or "rounded", consequently if there is a sudden bend we 
call it “angled”. In the longicorn beetles studied (n=68), 
44 % show the angled condition, while only 7 % or two 
species, Amblycerus robiniae (KINGSOLVER 1970) and 
Orsodacne cerasi (own observation), of the leaf beetles 
studied (n=26) show this condition. 


3.2. Presumed glandular openings 


A recent discovery is tiny holes near the apex of the pa- 
rameres of Donacia (Fig. 5). We suggest that these are 
most probably not sensilla, because they do not contain 
traces of setae. Similar, but not so many holes are found 
on the parameres of Prionus (Fig. 6), Stenopterus and 
Zeugophora. In Alosterna none such holes are found on 
the parameres. 





Fig. 5-6. (5) Apex of the paramere of Donacia vulgaris with tiny holes, (6) Tiny hole on paramere of Prionus coriarius. 
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Fig. 7-8. (7) Sensilla on the median lobe of Donacia vulgaris, (8) Sensilla on the apex of the median lobe of Orsodacne cerasi. 


HAMMOND (1972) described true, peg-liked setae of un- 
known function on the parameres of Staphylinidae. In 
contrast to the holes on the parameres, sensilla with a 
minute seta can be found along the inner margin of the 
median lobe in Donacia and Orsodacne (Figs. 7 and 8). 
These campaniform sensilla look similar as those ob- 
served on the median lobe of Platypodidae (EPILA- 
OTARA & TRIPLEHORN 1990). 


4. DISCUSSION 


We suggest that the sclerotization in Cerambycidae is 
thicker than in. Chrysomelidae generally, because of 
thicker sclerotization of the female vaginal tract. Many 
species of long-horned beetles lay their eggs just be- 
neath the bark of trees and presumably a more stout or 
heavily sclerotized ovipositor is required and — possibly 
— a more thickly sclerotized aedeagus, too. 


The mean value of the relative length of the lateral lobes 
through 194 cerambycid species is 3.2. We know only a 
few chrysomelid species from our own investigations or 
from drawings in the literature with a relative length 
greater than 3. Of course, there is one subfamily among 
Chrysomelidae with long and narrow parameres, the 
Donaciinae, but these parameres are fused. We can also 
summarise that the parameres of Cerambycidae are gen- 
erally more deeply divided than those of Chrysomeli- 
dae. 


Obviously, the parameres of Chrysomelidae bear less 
dorsolateral and ventral setae than Cerambycidae. We 
have no proper explanation for this observation. How- 
ever, if KINGSOLVER's (1970) hypothesis holds true — 
that parameres outside the female genital tract are used 
to position the male genitalia — then it may be that the 
setae on the parameres perform a sensorial function. For 
example they could sense the position of the median 
lobe inside the female or press on the sternites of the 


female to facilitate the release of sperm to the proper re- 
gions inside the female. 


What is the function of the tiny holes on the parameres? 
One possibility is that they serve as glandular openings, 
but what could they secrete? Striking is the fact that 
they are more numerous on the parameres of Donacia, a 
beetle with a semi-aquatic mode of life. Therefore it 
may be they secrete a hydrophobic substance. 


One question remains: Why are parameres divided in 
most of the groups studied, but undivided or totally re- 
duced in some chrysomelids and in some Cerambycinae 
like Obrium and Stenhomalus? Possibly the function of 
these two states 1s quite different, for example the undi- 
vided condition serves like a lever in Donaciinae, as de- 
scribed by HARNISCH (1915) and in divided parameres 
they are sensory, as suggested by DÜNGELHOEF & 
SCHMITT (2006), or stimulatory, as assumed by EBER- 
HARD (1985), and others. CROWSON & CROWSON (1996) 
suggested that the parameres have been reduced in some 
groups because of the problems of copulation on an un- 
stable leaf surface. However, nearly all cerambycid bee- 
tles have parameres and many of them copulate on an 
unstable flower or leaf surface. 


Future studies should include a comprehensive compari- 
son of paramere morphology in more closely related 
cerambycids and chrysomelids. Because the taxa stud- 
ied may not be representative, or taxa with especially 
noticeable parameres could have been overlooked in 
this study, we recommend selecting paired groups of 
sister taxon. In addition, live beetles in copula should be 
observed to solve the riddle of the parameres’ function. 
In particular, the function of the tegmen in the closely 
related genera of Obrium and Stenhomalus could prove 
very interesting because of the obvious reduction and 
loss of parameres in these groups. The Madagascan spe- 
cies of Lepturinae and the bruchid species also have in- 
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teresting morphologies with. very long and narrow pa- 
rameres. Histological and TEM-studies should clarify 
the structure of the tiny holes found on the apex of the 
parameres. 
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